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Abstract 
The purpose of this study is to simulate long-term migration of carbon dioxide plume in Northern Taiwan. The 
hypothetic injection site locates in coastal area of Taoyuan, which was evaluated as a suitable region for saline 
aquifer storage. A base case and three scenarios have been simulated with injection rate of 1Mtons CO2/year and 
period of 50 years. The base case has shown that CO2 plume is remained trapped during project lifetime. Three 
scenarios considering variations of permeability heterogeneity and injection rate have provided insights for future 
injection strategy and risk analysis. 
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1. Introduction 
Total CO2 emission in Taiwan at the year of 2009 had reached 239.6 Mtons. About 66% of emitted 
CO2 can be attributed to the energy sector -- primarily from fire power plants burning fossil fuels. 
Greenhouse gases reduction has become an important issue in energy sector to cope with the emerging 
crisis of global warming, more specific, the coming shackles from punitive measures such as emission 
quotas or cap-and-trade mechanisms. Previous assessment of geological storage potential for western 
Taiwan has shown promising result. Thus illustrate the importance of CCS technology for CO2 abatement 
in Taiwan. The purpose of this study is to conduct a long-term simulation of a potential site in northern 
Taiwan. Several scenarios are also being considered for better understanding of key parameter affecting 
the simulation result. 
 
* Corresponding author. Tel.: +886-3-591-6340; fax: +886-3-582-0017. 
E-mail address: cwliao@itri.org.tw. 
Available online at www.sciencedirect.com
 013 The Authors. Published by Els vier Ltd.
l ction and/or pee -review under respons bility of HGT
3826   Tien et al. /  Energy Procedia  37 ( 2013 )  3825 – 3832 
2. Model Setup 
To understand factors affecting the behavior of CO2 plume migration in northern Taiwan, this study 
has constructed a three dimensional basin-scale model combining coastal and sub-seabed geological 
information from existing literatures and field investigations.  
The conceptual model comprised three major formations: Chinshui (low-permeability shale, depth 
900-1000m, code: CS), Kueichulin (intermediate permeability sandstone, depth 1000-1300m, code: KC), 
and Nanchuang formations (intermediate permeability sandstone, depth 1300-1500m, code: NC). These 
depths are constrained by the KY-1 well log data published by Tang [1]. The length, width, and depth of 
3D mesh constructed according to the conceptual model are 30, 30, and 1.5 kilometers.  
The modeled formations dip gently to the east with 2 degrees and are horizontal in north-south 
direction. Five injection wells are placed in the center of model with cross-shaped arrangement (Figure 1). 
The designed injection volume is 1 million tons per annum. The injection interval locates at top of 
Nanchuang formation, which belongs to a sub-formation named Shangfuchi sandstone (code: SFC) with 
larger permeability compared to underlying sub-formations of Nanchuang formation. A hypothetic north-
south trending fault is placed at 10 kilometers west to the injection well. Cells within the sandstone fault 
zone are assigned with permeability an order higher than original sandstone, while cells within fault zone 
of Chinshui shale are assigned with permeability an order lower to reflect the influence of fault gauge. 
Parameters used in this study have been listed in Table 1. 
 
 
Figure 1. Mesh Setup  
 
Table 1. Hydrogeological Parameters 
Formation Porosity(%) Horizontal 
Permeability, 
Kh (m2) 
Vertical 
Permeability, 
Kv (m2) 
Chinshui Shale(CS) 0.10 1.0E-18 1.0E-19 
Kuichulin Fm.(KC) 0.20 1.0 E-13 1.0E-14 
Shangfuchi Sandstone(SFC) 0.35 1.0E-12 1.0E-13 
Nanchuang Fm.(NC) 0.20 1.0E-14 1.0E-15 
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3. Results 
3.1. Base Case 
A baseline case was simulated by using TOUGH2-ECO2N with injection rate of 1Mtons CO2/year and 
period of 50 years [2][3]. The CO2 plume has initially migrated upward due to the buoyancy until 
reaching the CS shale.  It began to spread along the bottom of CS shale and gradually form an asymmetric 
plume due to regional dip (Figure 2). The pressure also started to build up to 1MPa in 30 years, and 
maintained stable until the end of injection period (Figure 3). For the post-injection period, the plume 
continued to move westward (Figure 4). The dissolution trapping mechanism has begun to play an 
important role during the plume migration (Figure 5). Half of injected CO2 have been converted to 
aqueous phase after 200 years. If the simulation continued to 1000 years after the injection stopped, the 
proportion of aqueous CO2 would reach about 70% (Figure 6). During the life-time of our simulation, the 
CO2 plume remains trapped in the reservoir and shall be assumed as a safe case.  
 
 
Figure 2. Saturation of gaseous CO2 during injection 
 
 
Figure 3. System pressure variation in base case 
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Figure 4. Saturation of gaseous CO2 for post-injection period 
 
 
Figure.5. Saturation of aqueous CO2 for post-injection period 
 
 
Figure 6. Variation of gaseous and aqueous CO2 in time 
3.2. Scenarios 
In addition to baseline case, three scenarios have been designed for examining dominant mechanisms 
during plume migration. For scenario 1, we have increased vertical permeability of reservoir formation (5 
folds) which allows the plume to migrate upward and spread more evenly beneath the CS shale, thus 
enhanced the sweep effect of CO2 plume and therefore reinforced the dissolution rate (Figure 7 and 
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Figure 8). For aqueous CO2 saturation, proportions are slightly higher in most timeframe for scenario 1 
compared to base case, which implies that sweep effect has been enhanced (Figure 9). For scenario 2, the 
injection rate has been increased to 3 Mtons/year. Also the permeability of SFC formation has been raised 
by an order, thus created a fast path for CO2 plume and reduced the sweep effect. For CO2 gaseous and 
aqueous saturation in Figure 10, the plume has migrated to the boundary of simulation domain and 
concentrated in SFC and lower KC. The upward migration along the fault has been stopped by the CS 
formation. For scenario 3, the permeability of SFC formation and vertical permeability of KC formation 
have been increased by an order, which would increase the sweep effect within KC formation but also 
created a potential leakage pathway due to fast migration within SFC formation. The simulation result has 
indicated that leakage may occur along the sandstone fault zones (Figure 11). Therefore the effectiveness 
of caprock is vital to CO2 plume containment and requires further investigation during the site 
characterization phase. 
 
 
Figure 7. Gaseous CO2 saturation in scenario 1 
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Figure 8. Aqueous CO2 saturation in scenario 1 
 
Figure 9. Gaseous CO2 saturation in Scenario 1 
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(a)                                                (b) 
Figure 10. CO2 saturation in scenario 2 (a) gaseous (b) aqueous 
 
Figure 11. CO2 saturation in scenario 3 
4. Conclusion 
This study has simulated long-term evolution of injected CO2 in Northern Taiwan. Results from base 
case and three scenarios have shown various CO2 plume behavior in response to vertical permeability 
heterogeneity, injection volume, and fault existence. The sweep effect has been enhanced by increasing 
vertical permeability. Although high permeability zone (SFC) has provided a fast path for CO2 plume 
migration in early stage of injection, it ultimately reduced the sweep effect and storage capability of 
underlying formations.  For third scenario, the hypothetic fault has provided a vertical pathway for CO2 
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plume migration. The simulation results have provide insights for future injection design and should be 
taken into consideration in the risk analysis.  
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